Abstract
INTRODUCTION
Tropical and subtropical karst forests of south China are under increasing pressure from exploitation causing widespread habitat degradation and biodiversity loss. Tree species composition and spatial distribution are often associated with topographic and edaphic factors (Comita et al. 2007; Harms et al. 2001; Kanagaraj et al. 2011; Kalajnxhiu et al. 2012; Liu et al. 2016) . Both niche differentiation and species dispersal limitation can explain composition and distribution patterns in species-rich forests (Lai et al. 2009; Potts et al. 2004; Whitfield 2002) . According to the niche assembly theory, species can coexist if they perform well under different environmental conditions (Chesson 2000; Jaime et al. 2015) . It states that if abiotic conditions, such as topographic or edaphic factors, are spatially structured then that will be reflected in species distribution through species-habitat associations at the individual species level (Whittaker 1956 ). Consequently, within habitats different species assemblages are formed at the community level.
Previous studies have reported that many species exhibit ecological habitat preferences, despite differences in species abundance and the degrees of association at large scales (Comita et al. 2007 ; Gunatilleke et al. 2006; Harms et al. 2001; Lai et al. 2009 ). Most of these analyses highlight the importance of habitat characteristics in detecting local species assemblages. Stochastic processes, such as dispersal limitation or accidental disturbance events also play an important role in determining species assemblages, especially in heterogeneous habitats. For example, seed dispersal may be spatially limited and occur close to parent tree maintaining a limited distribution within the same habitat (Hubbell et al. 1999; Webb and Peart 2000; Zhao et al. 2016) .
Other topographical factors such as elevation, slope and horizontal distance may also pose barriers to dispersal.
On the highly fragmented Sunda Shelf of Southeast Asia, karsts have formed 'islands within islands', and these are known to contain high levels of endemism (Clements et al. 2006) . The high species diversity of these karst regions arises from a multitude of ecological niches afforded by the complex terrains (e.g. cliffs and caves and sinkholes) and variable climatic conditions (Clements et al. 2006) . Historically these areas have not been cultivated because of their rugged terrain and function as biodiversity reservoirs, or 'arks', that restock degraded environments during ecosystem reassembly (Schilthuizen 2004) .
Natural resources extraction in these area is occurring at an unprecedented rate. The karst hills are threatened by destructive practices, such as quarrying for limestone and the extraction of timber and non-timber plants. These destructive practices in turn threaten the biodiversity of tropical and subtropical karsts due to habitat degradation (Sodhi and Brook 2006) . The subsequent deterioration of important ecosystem goods and services (such as protection from avalanches and rock fall as well as drinking water provision) will also have significant socioeconomic consequences (Pröll et al. 2015) . Karst systems in this part of the world are understudied. Many basic questions such as the role of karst as arks of biodiversity, the importance to humanity, and the conservation status of karst-associated species are still unknown.
South China is one of the largest karst regions in the world and is considered fragile because of the unique geology and high habitat heterogeneity (Zhang et al. 2013) . The existence of unique landforms, such as peaks clusters, peak forests, lowlying land, and funnels, cause significant variation light, wet ability and thickness of the soil (Cao and Yuan 2005) . Other micro-relief characteristics, such as stone trench, stone facing, and swallet, formed by abundant rock outcrops influence small-scale habitat heterogeneity (Zhang et al. 2007) . Complex topographies often lead to heterogeneous habitats, for example steeply sloped forests have been shown to contain more biodiversity than nearby flat areas (Liu and Slik 2014; Sandel and Svenning 2013) . We hypothesize that species have significant habitat associations in karst forest ecosystem as habitat heterogeneity is a major characteristic of this unique ecosystem.
Our aim in the present study was to examine species-habitat associations in different habitat types at young and mature life stages. In karsts forests with stronger topographic structuring, we expect there will be a strong influence of habitat on younger species assemblages than mature ones. This study will shed light on tree community organization in species-rich but highly heterogeneous topical karst seasonal rain forests further research and conservation initiatives on this vulnerable ecosystem.
MATERIALS AND METHODS

Study area and data collection
The study area was in the Nonggang National Natural Reserve (22°13′56″-22°33′09″N, 106°42′28″-107°04′54″E), Guangxi Zhuang Autonomous Region, in south China. Data collection took place in the Nonggang northern tropical karst seasonal rain forest dynamics plot within the reserve. This region is identified as a biodiversity hotspot in China in order to mitigate habitat loss and species extinction (Chen 1993) . Topographically, the area is characterized by typical karst Fengcong-Depression, a combination of clustered peaks with a common base and funnel landscapes with altitudes ranging from 150 to 600 m (Fig. 1) . The karst geology consists predominantly of soluble and porous limestone characterized by steep hills separated by lowland depressions with numerous potholes, caves and extensive belowground streams. Mean annual temperature of the reserve is 22°C with a mean daily maximum temperature range of 37-39°C and mean minimum temperature of 13°C. Annual precipitation ranges from 1150 to l550 mm but can reach up to 2043 mm (Wang et al. 2014) .
A 15 ha (500 × 300 m) plot was established between May 2010 and October 2011 as a node of the CForBio (Chinese Forest Biodiversity Monitoring Network) with the aim to monitor long-term dynamics in a northern tropical karst seasonal rain forest. All woody stems with diameter at breast height (DBH) ≥ 1 cm in the plot were mapped, measured, identified to species and tagged following standard field procedures of the CTFS (Center For Tropical Forest Science) (Condit 1998) . This work was conducted based on the Forestry Standards "Observation Methodology for Long-term Forest Ecosystem Research" of the People's Republic of China (LY/T 1952 (LY/T -2011 . The plot was divided into 375 20 × 20 m quadrats, and abundance of each tree species was calculated in each quadrat. To date, this is the largest long-term monitoring forest plot in this region. The plot encompasses a complicated and steep terrain (3.7-78.9°) with elevation ranging from 180 to 370 m a.s.l. (Fig. 2) .
In the first census, 68 010 free standing individual trees belonging to 56 families, 157 genera and 223 species were documented. A total of 217 individuals (0.32% of the total) were not assigned to a morphospecies and were excluded from this study. Euphorbiaceae, Verbenaceae, Sterculiaceae and Moraceae were the most common families. The dominant species were Cleistanthus sumatranus (9977 individuals), Sterculia monosperma (6328 individuals) and Vitex kwangsiensis (2470 individuals) (Wang et al. 2014) . About 28.3% of the species (63 out of 223) recorded ≤ 1 individual per hectare in the entire 15 ha plot.
Topographic variables
In each 20 × 20 m quadrat, six topographic variables were recorded: elevation (ELE), slope (SLO), convexity (CON), aspect (COS), topographic wetness index (TWI) and altitude above channel (ACH). Elevation was defined as the average elevation of the four corners of the quadrat. Slope was calculated by dividing each quadrat into four triangular planes such that each triangle was formed by joining three corners of the quadrat and taking the average angular deviation of these planes. Convexity was the difference between mean elevation of the focal quadrat and the average elevation of eight neighboring quadrats. Aspect was defined as compass direction to which the slope faces (Harms et al. 2001; Valencia et al. 2004) . Because aspect is a circular variable, we transformed aspect by cosine. This value was then multiplied by −1 so as to have −1 at due north and 1 at due south. TWI was calculated as the ratio of the area upslope from any given point on the landscape to the local slope at that point. ACH was calculated the vertical distance from the channel network. The latter two indices are commonly used to quantify topographical control on hydrological processes (Kanagaraj et al. 2011; Punchi-Manage et al. 2013) .
Statistical methodology and data analyses
Analysis 1: habitat categorization
We used a multivariate regression tree (MRT) technique (De'ath 2002; Larsen and Speckman 2004) to divide the 375 quadrats into eight habitat types containing similar topographical characteristics and species composition (supplementary Fig. A1 ; supplementary Table A1 ). MRT is a method of constrained clustering that determines clusters that are most similar for a certain measure of variables. For example, species dissimilarity (here we use the Bray-Curtis dissimilarity), with each cluster defined by threshold values of topographic variables (De'ath 2002) . Each cluster defines a species assemblage and the threshold value of topographic variable defines an associated habitat type.
MRT is based on a recursive algorithm where the root node consists of all 375 quadrats. The algorithm systematically searches the topographical variable that partitions the parent node into two child nodes, a 'left' node and a 'right' node, that are internally most similar in terms of species composition (Larsen and Speckman 2004) . This procedure is then recursively repeated for each node until a certain stopping condition is reached. Once a topographical variable is chosen for a given node, it is not excluded from playing a role in defining subsequent nodes. A given variable may define several nodes.
For the MRT analysis every tree species was assigned an importance value (IV = [Relative abundance + Relative cross-sectional area at breast height]/2) with DBH ≥ 1 cm for each quadrat. Trees with a minimum cross-validated relative error (CVRE) were selected as the best classification differential tree. The CVRE varies from 0 to 1 for the best to the worst predictor (Borcard et al. 2011) . Further details of the MRT technique and its applications can be found in De'ath (2002) and Borcard et al. (2011) . The eight habitat types are presented on a map of the plot in Fig. 3a and the attributes of each habitat type are summarized in Table 1 .
Indicator species analysis was conducted to identify the species that were statistically significant indicators of the habitat types that are defined by the nodes of the tree (Borcard et al. 2011 ). An indicator species index is defined as the product of relative abundance and relative frequency of a species within a habitat type. If there are no occurrences of the species within a habitat type, the index takes the value of zero and it increases to a maximal value of one if the species occurs at all 20 × 20 m quadrats within the habitat type but does not occur at any other quadrat. Species with high index values for a habitat type are regarded as indicator species (supplementary Table A2 ). We further defined a strong indicator species as having values between 0.50 and 1.0. Moderate indicator species have indicator values between 0.25 and 0.50.
Patrick index (R) and Shannon index (H) were calculated for each quadrat in order to estimate the species richness and diversity:
Patrick index: R S = Shannon index:
Where S was the number of species in each quadrat, P i was the relative abundance of species i.
We computed the MRT procedure using the mvpart function of the 'mvpart' package (De'ath 2006) , and indicator species analysis was computed using the duleg function of the 'labdsv' package (Roberts 2015) in the R version 3.2.0 (R Core Team 2015).
Analysis 2: species-habitat association analyses
We tested the significance of species abundance in one or more habitat types using torus-translation test (TTT) of species-habitat association proposed by Harm et al. (2001) , with a slight modification by Comita et al. (2007) . To test the statistical significance of a species-habitat association, the actual stem density in each habitat was compared with the distribution of stem densities obtained from the translated habitat maps under a null model in which the species was distributed randomly with respect to habitat (Ledo et al. 2012) .
To obtain accurate values, we defined habitats on the basis of the 20 × 20 m quadrats in the 15 ha plot, which gave one real and 1499 torus-translated habitat maps under the torustranslation tests (Harm et al. 2001) . We used 20 × 20 m blocks because habitat types were assigned at this scale and because spatial autocorrelation of plant distribution is strongest at scales < 20 m in many tropical forests (Condit et al. 2000) . We tested for both positive and negative associations. The absolute stem density of each species in a habitat replaced the relative density of the focal species within that habitat. A species was considered significantly positively associated with a habitat if its relative density in the true habitat map was ≥ 95% of the values obtained from torus-translated maps (ɑ = 0.05 level of significance for a one-tailed test). We also showed the results of ɑ = 0.01 level of significance for a one-tailed test in supplementary Table A3 . In contrast, a species was considered significantly negatively associated if the relative density in the true map was ≤ 5% of the values from torus-translated maps (for example V. kwangsiensis, supplementary Fig. A2 ). 
Analysis 3: the relationship of species distribution to topographic factors
Our field surveys yielded a species abundance data matrix of 375 samples and the corresponding life-stage abundances of tree species. We tested whether the distribution of all individuals, young and mature, of a given species were dependent on the six topographic variables. We performed the canonical correspondence analysis (CCA) by forward selecting the independent variables and employed a Monte Carlo permutation test (function permutest) to evaluate their significance using the 'vegan' package (Oksanen et al. 2015) in R. Function envfit gave vectors or factor averages of environmental variables. Each variable was tested at the 5% significant level with 999 random permutations.
We use scatter diagrams and simple linear regressions to explore correlation between environmental variables and species abundance. We analyzed the data for three representative species to locate their position in the CCA ordination diagram. Ficus hispida was significantly positively associated with the low lying and seasonally flooded habitat but negatively associated with the hilltop habitat. Boniodendron minius was significantly positively associated with the hilltop habitat but negatively associated with the low lying and seasonally flooded habitat. Finally, Alphonsea monogyna was not significantly associated with any habitats.
For the TTT and CCA, we used 74 species with a density of more than 100 individuals (supplementary Table A3 ) in the 15 ha plot. Trees were defined as young and mature on the basis of DBH following Bagchi et al. (2011) . Within each species, trees were ranked by DBH and the 99th percentile (DBH99) determined. All trees with DBH ≥ DBH99 2/3 were classed as mature, while trees with DBH < DBH99 1/2 were classed as young (rest of the trees were excluded to accentuate the difference between classes).
RESULTS
Topographic habitat types and their characteristics
The Nonggang plot was a topographically heterogeneous plot characterized by Fengcong and depression (Fig. 2) . The MRT yielded eight habitat types identified as habitats A-H and ranging from low lying to high ground (Figs 2 and 3a, Table 1 ). Habitat A was in low lying and seasonally flooded. Habitat B was in the surrounding area of depression with moist environment, but without seasonal flooding. There was longer time of direct sunshine in habitat C, but with partial drought in summer. Conversely, habitat D had shorter duration of direct sunshine than habitat C, but with moderate soil moisture. Both Habitats E and F were at uphill position with relatively droughty environment, but semi-shady and semisunny slopes, respectively. Habitat G was in the bealock of two Fengchongs, usually with strong mountain wind. Habitat H was the driest of all Nonggang subplots on exposed limestones, with direct sunlight but depleted soils. The low lying and seasonally flooded habitat had the lowest tree density, whereas the semi-shady slope habitat and the semi-tailo habitat had the highest (Table 2 ). Mean stem crosssectional area at breast height among the habitats ranged from 595.2 cm 2 (hilltop habitat) to 944.8 cm 2 (low lying and seasonally flooded habitat). Although the low lying and seasonally flooded habitat had the lowest tree density, it had the largest mean cross-sectional area at breast height. Species richness per quadrat (Patrick index) showed strong variation among the habitat type ranging from 26.3 (the peripheral depression habitat) to 37.6 (the bealock habitat). Species diversity per quadrat (Shannon index) among the habitats ranged from 2.2 to 2.9. The bealock habitat had the highest species richness and diversity. Different habitats had different intensity of indicator values and different numbers of indicator species. Notably, there was a higher number of strong or moderate indicator species in the hilltop habitat. Such as, Sinosideroxylon pedunculatum, B. minius (Fig. 3b) and Canthium dicoccum were the strong indicator species in the mid-story layer of the hilltop habitat. While Clausena dunniana, Croton euryphyllus and Decaspermum gracilentum were the strong indicator species in the shrub layer of the hilltop. That is to say, these species like higher elevation with droughty habitat (low TWI but high ACH). Excentrodendron tonkinense and Diplodiscus trichosperma were the indicator species in the canopy layer of the hillside, which were also the characteristic species in typical karst seasonal rain forests. Erythrina stricta dominated in the canopy, while F. hispida ( Fig. 3c) and Leea indica dominated in the shrub layer in the peripheral depression habitat (supplementary Table A2 ).
Species-habitat associations
Based on Tours-translation tests, a total of 249 significant associations (73 positive and 176 negative, ɑ = 0.05 level of significance for a one-tailed test) were observed in the 74 species with ≥ 100 individuals (supplementary Table A3 ). Among these species, only one species (A. monogyna), with 387 individuals was neither positively nor negatively associated with any of the eight habitats. A total of 52 species (70.3%) were positively associated with only one of the eight habitats, while, 29 species (39.2%) were negatively associated with at least three of the eight habitats. Chionanthus guangxiensis, with 198 individuals, was only positively associated with the hilltop habitat and negatively associated with other six habitats. The number of significant associations (either positive or negative) with each habitat type differed among all individuals and with life stage (Fig. 4) . Sixty-three species were positively associated with at least one of the eight habitats. Seventy-three positive associations were detected for both life stages, compared to 73 and 76 at the young and mature stages, respectively. In the low lying and seasonally flooded habitat, a lower number of positive associations were detected for all individuals and the two life stages compared to the others habitats. The hilltop habitat had the highest number of positive associations compared to the others habitats (Fig. 4a) . In contrast, the low elevation habitats (habitats A and B) had higher numbers of negative associations compared to the other six habitats (Fig. 4b) .
The relationships of species distribution to topographic factors
Species distribution patterns explained by CCA for all individuals and their two life stages were quite similar (Fig. 5) . For all individuals, young and mature stages, this combination of variables explained about 27.5%, 23.8% and 16.1% of the total variance in species abundances, respectively (Table 3) . The Monte-Carlo permutation tests showed that the six topographic variables had significant relationships with species distribution. Considering all individuals, the first axis of ordination was strongly negatively correlated with elevation, slope and convexity, and explained 19.5% of the total variance (P = 0.001). However, the second axis of ordination is positively correlated with slope but negatively correlated with convexity and TWI explaining an additional 5.8% of total variance.
DISCUSSION
Topographic habitat types and their characteristics
An important driver of habitat diversity is topography. Topography is considered a first-order control on spatial variation of hydrological conditions that affect the spatial pattern of nutrients (John et al. 2007 ) and soil moisture (Sørensen et al. 2006) , which are crucial for plants (Kanagaraj et al. 2011) . Unlike light or soil properties, topography is an indirect environmental variable, or proxy, that comprehensively characterizes the overall quality of a micro-site (PunchiManage et al. 2013) . Topographical variables, especially elevation are strongly related to species distribution in this karst forest. In our study plot, soil moisture and nutrient content increased from the hilltop to the valley, especially during the dry season. Our MRT analysis with six topographic variables showed that the 15-ha plot was strongly topographically structured into eight habitat types along a Fengcong-depression gradient. We found that elevation, aspect and slope are mainly responsible for habitat structuring. The classification error CVRE value of the MRT analysis was about 0.740, close to that of Kanagaraj et al. (2011) from Barro Colorado Island (BCI) and Punchi-Manage et al. (2013) from Sri Lankan. Based on our results, the eight habitat classification appeared to represent much of the topographic variability.
A priori classification into eight habitats defined by thresholds in elevation, slope and convexity would have been another method with which has been successfully used by Gunatilleke et al. (2006) , in a Sri Lankan dipterocarp forest. In a similar study, Harms et al. (2001) divided the BCI into eight habitats defined by thresholds in elevation and slope based on biological arguments and a priori assumptions. In some recent studies, MRT analyses have been used in habitat classification (Kanagaraj et al. 2011; Lai et al. 2009; Punchi-Manage et al. 2013) . All these studies found elevation as highly important just as we found in the present study. Elevation influences soil water and nutrient content generally decreasing from the valley to the ridge top. However, topographic and local environmental properties such as aspect, rock-bareness rate, ground surface roughness (precipitous cliffs and extensive caves and sinkholes) above and belowground streams also play important roles in creating habitat heterogeneity, which in turn shapes vegetation structure and composition.
Species-habitat associations and underlying mechanisms
Our study showed that 85.1% of species examined were positively associated with at least one topographically defined habitat. These results deviate from previous studies (Comita et al. 2007; Kanagaraj et al. 2011; Webb and Peart 2000) . Comita et al. (2007) at BCI found that species that were significantly positively associated with a habitat type at an early growth stage (≥ 20 cm height and < 1 cm DBH) were not at a later stage (≥ 1 cm DBH). This was also found by Kanagaraj et al. (2011) in the same plot. When analyzing individuals of all life stages together, Kanagaraj et al. found a distinct and temporally consistent structuring of the plot into four dominant habitat types after 25 years of monitoring.
Habitat associations may still be size-class dependent (Comita et al. 2007; Kanagaraj et al. 2011; Lai et al. 2009; Webb and Peart 2000) , either due to ontogenetic niche shifts (Clark and Clark 1992; Lusk 2004) or due to processes unrelated to habitat variables, such as invasion history (Hubbell and Foster 1992) . Species-habitat associations in this study are only based on stems ≥ 1 cm DBH, which may underestimate the total percentage of habitat specialists, because habitat filtering is stronger at earlier life stages (Baldeck et al. 2013) .
There were a comparable number of positive associations between the two life stages (73 and 76 at the young and mature stages, respectively). Furthermore, of the 63 positively associated species, 61.9% showed consistent positive associations with a single habitat, and one species (C. sumatranus) was the most abundant species with 9977 individuals had consistent associations with two habitats (at uphill position with relatively droughty environment, but semi-shady and semi-sunny slopes) at both life stages. Most species showed consistent habitat preferences between young and mature life stages beyond 1 cm DBH in this forest.
It appears that more than half of the karst forest tree species tested showed consistent associations with a single habitat between young and mature life stages, and the associations observed at mature stage were typically the result of higher seedling establishment in the associated habitat. Empirical results from BCI, a lowland moist tropical forest with relatively weak topographic structuring, showed that the majority of species were not consistent across life stages (Comita et al. 2007; Kanagaraj et al. 2011) . Contrasting results were also found for a subtropical forest in China with a strong topographic structure (Lai et al. 2009 ). This may be related to the uniqueness of our plot and the strong niche differentiation. The results of the CCA ordination diagrams (Fig. 5a-c) support these results. The six topographic variables had a similar variation tendency to species distribution among all individuals and the two life stages. Most species had similar positions in the ordination diagrams.
Most species distributions were based on restricted habitat conditions of karst ecosystems. Some species had consistent negative associations with lower elevation habitats, but consistent positive associations with higher elevation habitats. These species included C. guangxiensis, S. pedunculatum, Tirpitzia ovoidea, Pistacia weinmannifolia, C. dicoccum, Viburnum triplinerve, Decaspermum parviflorum, Pittosporum pulchrum, C. euryphyllus, and Mallotus yunnanensis. While some other species such as Ixora henryi, Euonymus dielsianus and Bennettiodendron leprosipes had an opposite tendency. This could be explained by the fact that these species have specific niche requirements at all life stages that a few habitats can provide.
Only a few species in the plot showed different distribution patterns between young and mature life stages which suggests that sites that were initially beneficial for establishment and survival might not be suitable for later stages, and vice versa. This could arise for various reasons, such as negative density dependence (Clark and Clark 1992; Harms et al. 2000; Lambers et al. 2002; Webb and Peart 2000) or ontogenetic shifts in resource requirements such as light (Comita et al. 2007) or in physiological and morphological traits related to light capture (Kitajima and Fenner 2000) . However, Guo et al. (2015a) showed that negative density dependence was not the dominant mechanism in structuring the spatial patterns of established trees in this plot. The majority of common tree species display a clumped distribution, and the distribution of most species was significantly associated with at least one environmental variable such as elevation, slope, convexity and aspect (Guo et al. 2015b ). Therefore, substrate-mediated (e.g. topographic and edaphic heterogeneity) local process might play a more important role than density or distance dependence in structuring forest composition of the Nonggang plot.
Species distribution patterns explained by CCA suggest that topography had a similar variation tendency to species distribution, even though the six topographic variables explained a lower eigenvalue for the mature trees distribution (Table 3) . According to the results of TTT and CCA, habitat heterogeneity and niche structure play an important role in explaining the observed species distribution. Although the mature stage of species had a greater dependence on habitat type than the young stage, distributions of mature individuals was had less variation explained by the six topographic variables.
The greater positive associations and indicator species at higher elevation habitats suggest a stronger species-habitat association in these habitats. Most of the species that show positive association with the hilltop habitat are restricted to karsts (i.e. endemic to karsts, e.g. Sinosideroxylon pedunculatum, Croton euryphyllus). These plants are adapted to stress environment, with exposed conditions of high light and temperature, limited soil nutrients and moisture, and very thin soil often exposed rock with high calcium concentrations. The endemic to karst species prefer higher elevation than the cosmopolitan species (Wang et al. unpublished data) . In addition, karst species have poor dispersal capabilities to diffuse to lower elevations as they are light-demanding species. They are adapted to highly alkaline conditions, thin soil layers, and desiccation on porous limestone bedrocks typical of higher elevation habitats such as cliff faces and summits of karst hills (Clements et al. 2006) .
CONCLUSIONS AND CONSIDERATION
In conclusions, our study shows that there are a large number of species significantly associated with the eight habitats. Most of these species-habitat associations are similar between the young and mature life stages. The eight habitats defined here are known to vary in soil moisture availability and drainage, or light span and radiation intensity. Overall, in this tropical karst seasonal rain forest, niche differentiation induced by topography plays an important role in the maintenance of species diversity due to uniqueness of the ecosystem.
The identified species-habitat associations have important ecological (biodiversity and conservation) and land management implications. Multiple abiotic factors influence the structure and composition of karst vegetation. Most species are adapted to the thin, alkaline soil and exposed porous limestone bedrock and cliff faces. If these habitats are lost due to habitat degradation the karst-associated species are at risk of extinction. Considering the large financial returns from cement manufacturing, continued exploitation of limestone in the karsts appears to be unstoppable. While regional economic development is necessary, preventive measures must be taken to mitigate the adverse effects on biodiversity. A balanced approach of land management is necessary with a comprehensive assessment of the economic and biological value of this karst ecosystem prior to exploitation. Improved land use planning supported by appropriate legislation and enforcement is urgently needed to prevent further degradation of karst habitats in order to protect biodiversity.
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